The present study reports the phytoplankton abundance, dominance and co-existence relationships in the eutrophic Carpina reservoir, Pernambuco, Brazil. Sampling was carried out at six different depths bimonthly at a single reservoir spanning two climatic periods: dry season (January, September, and November 2006) and rainy season (March, May, and July 2006). Density, abundance, dominance, specific diversity and equitability of the community were determined, along with chlorophyll a, and physical and chemical variables of the environment. Eight species were considered abundant, and their densities corresponded to more than 90% of the total phytoplankton community quantified. Cyanobacteria represented more than 80% of this density. Cylindrospermopsis raciborskii was the only dominant taxon in the dry season, and was co-dominant in the rainy season. C. raciborskii, Planktothrix agardhii and Geitlerinema amphibium had the greatest densities and lowest vertical variation coefficients. The statistical analysis indicated relationships with vertical and seasonal variations in the phytoplankton community and the following variables: total dissolved solids, water temperature, electrical conductivity and pH. The changes in the environmental variables were discrete and regulated by the establishment of precipitation however, they were able to promote vertical and seasonal instability in the structure of the phytoplankton community.
INTRODUCTION
Most reservoirs are formed by the damming of rivers and are considered hybrid systems between rivers and lakes (Thornton et al. 1990 ). The importance of these artificial aquatic systems is huge, especially in the northeastern Brazil, which is largely dominated by a semiarid climate, with long periods of drought (Chellapa and Costa 2003) . The purposes of reservoirs include providing water for the public, flood control, the production of electricity, irrigation, navigation, the farming of aquatic organisms and recreation.
Problems regarding artificial eutrophication in reservoirs are common and are caused by anthropogenic actions, which lead to innumerous changes in the structure and dynamics of the phytoplankton community. This community is one of the main groups of primary producers and promptly responds to nutrient changes in reservoir aquatic ecosystems. According to Margalef (1983) , the composition of the phytoplankton community and the relationship among its species reflect the scope of such changes in an environment better than any technological tool. Environmental changes frequently stimulates results in high densities of phytoplankton, known as algal blooms, which could compromise wa-ter quality and have serious consequences to the health of humans and animals (Bouvy et al. 2003) . A classic example of these effects occurred in the city of Caruaru (PE, Brazil) in 1996, with the death of dozens of patients in a dialysis clinic following the contact with water contaminated by toxins released by blooms of Cyanobacteria (Jochimsen et al. 1998) .
Knowledge on the structure and dynamics of the phytoplankton community is extremely important to understand the effects of eutrofication, which are fundamental to the comprehension of the behavior and characterization of the community (Crossetti and Bicudo 2005) . Despite the increase in phytoplankton research, the scarcity of studies on vertical and seasonal variations in eutrophic ecosystems (especially in northeastern Brazil) lends importance to the present investigation.
There have been a large number of studies on eutrophic ecosystems in Brazil in the last ten years, mainly addressing Cyanobacteria ecology. The dominance and coexistence of species of Cyanobacteria in Marechal Dutra reservoir (Rio Grande do Norte, Brazil) were determined throughout a long dry period with low water transparency, the presence of inorganic nutrients, anoxia of the hypolimnion and high degree of electrical conductivity (Chellapa and Costa 2003) . The favorable climatic conditions to the development of phytoplankton and the increasing eutrophication of bodies of water lead to the emergence of blooms of specific invading groups, such as Cyanobacteria (Crossetti and Bicudo 2005) . In the state of Pernambuco (Brazil), saxitoxins and anatoxin-a were detected in samples collected from the Tapacurá reservoir during blooms caused by Anabaena spiroides Klebahn, Pseudanabaena sp. Cylindrospermopsis raciborskii (Woloszynska) Seenaya and Subba Raju, and Microcystis aeruginosa (Kützing) Kützing from March to May 2002 (Molica et al. 2005 .
The Carpina reservoir in the state of Pernambuco, which is the subject of the present study, was initially constructed for flood control purposes and currently provides water for the surrounding towns, as well as being an important fishing source for the river communities of the region. The Carpina reservoir has eutrophic characteristics once it receives organic and agricultural wastes. From April 2001 to March 2002, the structure of the phytoplankton community of the reservoir had its surface and bottom (not the entire water column) compared, and dense blooms of Planktothrix agardhii (Gomont) Anagnostidis and Komárek were observed (Moura et al. 2007 ). However, no significant differences were found. The aim of the present study was to carry out a survey of the Carpina reservoir in the northeastern Brazil with regard to the phytoplankton community, addressing seasonal and vertical variations in composition and density, as well as relating these characteristics to limnological and climatic variables.
MATERIALS AND METHODS
The Carpina reservoir (7 In the studied period, the region was climatically characterized by daily and hourly (09:00 am and 3:00 pm) values of the following parameters: air temperature, which ranged from 28.1 to 29.6 • C in the dry season, and 25.8 to 30.5 • C in the rainy season; wind direction and speed, which was instable in the dry season, oscillating between southeasterly and easterly and ranging from 2.5 to 3.5 m/s; wind oscillating between southerly and northeasterly and ranging from 1.6 to 3.5 m/s in the PHYTOPLANKTON ABUNDANCE, DOMINANCE AND COEXISTENCE 1315 rainy season. Daily exposure to sunlight ranged from 8.2 to 9.5 hours in the dry season, and from 6.8 to 10.1 hours in the rainy season. Monthly precipitation ranged from 12.3 to 84.0 mm in the dry season, and from 158.2 to 338.0 mm in the rainy season (INMET -National Meteorology Institute).
Three samples for the quantitative analysis were collected using a wide-mouth recipient at the surface, and a Van Dorn bottle at different depths was used for the qualitative and quantitative analyses of the phytoplankton community and chlorophyll a. The samples for the quantitative analysis were preserved in a solution of acetic Lugol.
The following physicochemical limnological variables were determined: water transparency (Secchi disk -Z ds ); euphotic zone, based on Cole (1975) (Z euf = Z ds ×3.0); water temperature ( • C); dissolved oxygen (mg.L −1 ), using a field oxymeter (Handylab OX1); turbidity (NTU), using a turbidimeter (model HI93703); pH, electrical conductivity (μS.cm −1 ) and total dissolved solids (mg.L −1 ), using a field YSI device (model 556).
The phytoplankton community was identified with the aid of specialized literature for each group of alga using a binocular microscope (Zeiss, Axiovert). The quantitative analysis (organisms per liter) was based on the method described by Utermöhl (1958) using an inverted microscope (Zeiss, Axiovert), following the calculation method described by Villafaiñe and Reid (1995) . Organism counts were carried out on a grid with three repetitions for each depth sampled; the values are presented as the mean of the repetitions. Density values were transformed into scientific notation (×10 4 ).
Chlorophyll a analysis was based on the method described by Chorus and Bartram (1999) using heated 90% alcohol. Chlorophyll a was used for the determination of the trophic state index -TSI (Chl-a), along with the transparency values obtained from the Secchi disc, following the method described by Carlson (1977) and modified for tropical environments by Toledo Jr. (1983) .
For the analysis of the abiotic variables, mean (X ), standard deviation (σ ) and coefficient of variance (CV ) values were determined. Abundance and dominance were determined from the density data, following the criteria proposed by Lobo and Leighton (1986) . Abundant species were those with values above the mean value of the community, and dominant species were those with values surpassing 50% of the total density. Species diversity and evenness indices (bit.cel. −1 ) were calculated based on the methodology proposed by Pielou (1977) using the "Diversity" statistical program. The scaling of the data was performed using principal component analysis (PCA) with the aid of the NTSYS statistical package (version 2.1). The data were then selected for the subsequent correlations of the sample units, environmental variables and abundance species, using canonical correspondence analysis (CCA) with the aid of the PC-Word program. Significance among the data was assessed using the Monte Carlo permutation test (p<0.05) with the aid of the PC-Word program.
RESULTS

ABIOTIC VARIABLES
The highest mean air temperature, wind speed and exposure to sunlight values occurred in the first month of the rainy season. The water column exhibited an average pattern of low stratification throughout the entire study (σ = 0.3; CV = 1.0) and slightly higher values in the rainy season. Water temperature (x = 27.5 in the dry season; x = 28.1 in the rainy season), dissolved oxygen (x = 4.38 in the dry season; x = 5.18 in the rainy season), electrical conductivity (x = 1914 in the dry season; x = 2060 in the rainy season), total dissolved solids (x = 1246 in the dry season; x = 1699 in the rainy season) and turbidity (x = 23.1 in the dry season; x = 22.0 in the rainy season) values were higher in the rainy season, whereas pH (x = 8.6 in the dry season; and x = 8.5 in the rainy season) was slightly higher in the dry season (Fig. 1). GIULLIARI A.S.T. LIRA et al. 
BIOTIC VARIABLES
Sixty-one taxa distributed among five divisions were inventoried: 27 Chlorophyta (44%), 20 Cyanobacteria (33%), four Euglenophyta (7%), eight Bacillariophyta (13%), and two Dinophyta (3%) ( Table I) . Chlorophyta had the greatest contribution to taxon richness in both seasons, with a greater number of species in the rainy season, whereas there was a decrease in species of Cyanobacteria in the dry season. The remaining groups exhibited little variation between seasons. Species diversity was discreetly greater in the rainy season. However, there were values ranging from 1.0 to 2.0 bit.cel. −1 throughout the study, indicating low diversity in the phytoplankton community. Evenness was ≤ 0.5, thereby indicating a predominance of one or more species.
Mean chlorophyll a values ranged from 29.4 to 58.3 mg.m −3 in the dry season, and from 38.6 to 54.1 mg.m −3 in the rainy season. The amplitude of the coefficient of variation for chlorophyll a throughout the water column was twice as large in the dry period compared to the rainy season (CV = 26.6% in the dry season, and 11.8% in the rainy season) (Fig. 2) . The TSI (Chl-a) ranged from 63.7 to 70.5 in the dry season, and 66.4 to 69.7 in the rainy season (Fig. 2) . Among depths, the coefficient of variance for the TSI (Chl-a) was 3.9% in the dry season and 1.8% in the rainy season. The classification of the TSI by the Secchi disc also revealed hypereutropic values, ranging from 65 to 77.3 in the dry season, and 62 to 73.2 in the rainy season.
Mean phytoplankton density ranged from 1410 × 10 4 org.L (Fig. 3) .
Cyanobacteria was dominant throughout the study, accounting for an average of 93% of total density in the dry season, and 84% in the rainy season, with an average variation among depths of 1063 × 10 4 (4.0 m) org.L −1 to 1331 × 10 4 org.L −1 (surface) in the dry season, and from 889 × 10 4 org.L −1 (10.0 m) to 1440 × 10 4 org.L −1 (surface) in the rainy season (Fig. 3) . The analysis of the vertical pattern revealed that the phytoplankton groups exhibited distinct distribution patterns. In the dry season, homogenous distribution was observed for Cyanobacteria and Chlorophyta (CV = 8% and CV = 16%, respectively). Bacillariophyta was concentrated at intermediate depths (1.0 and 2.0 m) and at the deepest depth (10.0 m, CV = 56%), whereas Euglenophyta occurred primarily at shallow depths (CV = 80%). Dinophyta contributed little to the community in the dry season, with larger populations between 2.0 and 4.0 m. In the rainy season, all groups of alga generally exhibited greater concentrations of individuals in the surface strata (surface and 1.0 m).
The greater contribution of Cyanobacteria to total density occurred mainly due to blooms of Cylindrospermopsis raciborskii, which ranged from 854 × 10 4 org.L −1 (surface) to 548 × 10 4 org.L −1 (10.0 m) in the rainy season, and from 977 × 10 4 org.L −1 (surface) to 757 × 10 4 org.L −1 (4.0 m) in the dry season, with an approximately 17% difference between seasons. Greater densities of C. raciborskii occurred at the surface in both seasons. However, the coefficients of variation among the depths were low (9% in the dry season, and 14% in the rainy season), indicating equilibrium in their distribution.
Eleven of the taxa had the greatest contributions to abundance. The Cyanobacteria C. raciborskii, Planktothrix agardhii, Geitlerinema amphibium (C. Agardh) Anagnostidis and Pseudanabaena catenata Lauterborn, as well as the Chlorophyta Monoraphidium arcuatum (Korshikov) Hindák and Monoraphidium griffithii (Berkeley) Komárková-Legnerová, were common in both seasons. Anabaena constricta (Szafer) Geitler, Cyclotella meneghiniana Kützing, Synedra rumpens Kützing, Nitzschia sp. and Euglena sp. were abundant only in the rainy season. Abundant species accounted for 90.6% of the total density in the dry season, and 92.8% in the rainy season. C. raciborskii, P. agardhii and G. amphibium had the greatest densities and lowest coefficients of variation between depths throughout the study.
C. raciborskii was the only dominant species in the dry season, accounting for 69% of the total density. The greatest densities were also attributed to C. raciborskii in the rainy season, which accounted for 49.6% of the total phytoplankton community. However, this value did not constitute dominance.
PRINCIPAL COMPONENT ANALYSIS AND CANONICAL CORRESPONDENCE ANALYSIS
Principal component analysis (PCA) explained 83.9% in Factors 1 and 2, with a grouping of the species A. constricta (Aco), P. agardhii (Pag) and M. griffithii (Mgr) on the positive side of Axis 1 and a negative association (negative side of Axis 1), with a relationship between C. raciborskii (Cra) and water temperature (T • C). Also on the negative side of Axis 1, there was an association between conductivity (Cond) and total dissolved solids (TDS). On Axis 2, there was a positive association between dissolved oxygen (Oxy) and chlorophyll a (Chl-a) (Fig. 4 and Table II) .
The Monte Carlo test revealed that the correlation of the data from the canonical correspondence analysis was only significant (p<0.05) for Axis 1, indicating a relationship between some of the environmental and biological variables (Table III) . From an analysis of the canonical coefficients, total dissolved solids proved to be the variable of greatest importance in the scaling of the data. However, the "inter-set" correlations also revealed a strong influence of water temperature, electrical conductivity and pH over the species C. raciborskii and G. amphibium (Table IV and Fig. 5 ).
DISCUSSION
The monitoring of water quality using a biological approach is a relatively recent practice. These studies involving phytoplankton organisms in reservoirs represent a significant advance in the determination of water quality in these aquatic systems. The knowledge on the phytoplankton dynamics is relevant because temporal and spatial fluctuations in its composition and biomass may be efficient indicators of natural or antropic alterations in the aquatic ecosystems (Lira et al. 2009 ).
The phytoplankton community exhibited some variation in composition and richness between the dry and rainy seasons. However, these changes involved species classified as occasional in the ecosystem, accounting for less than 0.5% of the organisms quantified in each season. Changes were observed in species diversity and evenness, but such changes were not sufficient to alter the indicators of low diversity and nonhomogeneous distribution of individuals among the species. In eutrophic reservoirs, it is common to report low values for these indices, as environmental conditions in a situation of trophy tend to favor a small number of species that have large densities and alternate in the dominance of the community (Huszar et al. 1998 , Figueiredo and Giani 2001 , Chellapa and Costa 2003 .
All the taxonomic groups in the Carpina reservoir had higher numbers of organisms in the rainy season, with greater contributions from Cyanobacteria and Chlorophyta. These changes were more evident in the first sampling in the period -a time of transition between seasons. According to others studies, this transition period causes greater instability in the phytoplankton community once the environmental characteristics of the new climatic season are not yet well defined, and the phytoplankton response occurs under the influence of the previous season (Figueiredo and Giani 2001, Dos Santos and Calijuri 1998) . Thus, the higher water tem- perature was the variable with the greatest influence during the transition period in the Carpina reservoir.
Although there were higher values for a large part of the environmental parameters in the rainy season, the differences in comparison to the dry season were not particularly expressive. However, the statistical analyses reveal that the changes were sufficient to associate total dissolved solids, water temperature, electrical conductivity and pH to the growth of the phytoplankton community with the onset of the rains. The occurrence of seasonal models for many physiochemical parameters is common in tropical reservoirs, which are basically defined by the strong influence of rainfall (Huszar et al. 2000 , Figueiredo and Giani 2001 , Domitrovic 2003 , Borges et al. 2008 .
Although the rainy season led to a greater increase in the phytoplankton community of the Carpina reservoir, it also resulted in an expressive reduction in the density of C. raciborskii, which was previously dominant in the system. According to Bouvy et al. (2003) and Reynolds (1997) , C. raciborskii has a low degree of affinity to increases in rainfall, which favors the coexistence of other species. Tucci and Sant'Anna (2003) agree with this opinion and attribute the morphology of C. raciborskii -which has fine, elongated trichomes -to the favoring of coexistent species during rainy periods, and for such it does not provide enough shade to impede an increase in the population of other species. However, it should be stressed that the majority of species that coexist in blooms of Cyanobacteria also form part of this group and are capable of living in adverse conditions and grow competitively when conditions are favorable (Hašler and Paulíčková 2003 , Komárková and Tavera 2003 , Bouvy et al. 2006 . Although Cyanobacteria was dominant throughout the study and there was an increase in density with the onset of the rains, its representativity within the community decreased by approximately 9.5%, which was due to the increase in the populations of opportunistic species from other phytoplankton groups (S. rumpens and Euglena sp.), as well as the reduction in the C. raciborskii population.
In the eutrophic Gargalheiras reservoir in the state of Rio Grande do Norte (northeastern Brazil), some species of Cyanobacteria that establish dominance in the dry season (including C. raciborskii) have been found to undergo a significant numerical reduction in the rainy An Acad Bras Cienc (2011) 83 (4) season and take on the status of coexistence (Chellapa and Costa 2003) . Conditions of greater stability of the water column, increased precipitation and dilution of nutrients have been indicated as the environmental factors that favor the reduction of Cyanobacteria species and the establishment of opportunistic taxa (Bouvy et al. 2003, Tucci and Sant'Anna 2003) . The study of seasonal dynamics and toxicity of C. raciborskii in Lake Guiers (Senegal, West Africa) revealed that the ecological success attributed to this species is due to its large-scale tolerance to different climatic conditions (Berger et al. 2006) . In the present study, the stability of the water column, increased transparency and high water temperature in the rainy season provided conditions of competitive equality among the opportunistic species, leading to a reduction in the dominance of C. raciborskii.
A number of species found in the Carpina reservoir, such as P. agardhii, A. constricta and P. catenata, were also sensitive to the increased rainfall, but are opportunists and establish rapid growth in situations of increased light penetration. Species from the genus Monoraphidium and diatomaceae are generally characterized as opportunistic in conditions of luminosity and are tolerant to turbulent environments (Dos Santos and Calijuri 1998) . In the present study, M. griffithii and S. rumpens exhibited an exceptional growth in the rainy season, when the conditions of light penetration and stability of the water column were better than in the dry season and therefore favorable to an increase in competitiveness.
Some studies report that the vertical distribution of phytoplankton species depends on a set of factors that involve the morphology and physiology of the taxa, as well as interactions between water mixture patterns and the availability of light and nutrients (Huszar et al. 2000 , Bouvy et al. 2006 , Borges et al. 2008 . The concentration of the phytoplankton groups throughout the water column in the Carpina reservoir had different distribution patterns in the different seasons. In the dry season, the distribution of Cyanobacteria and Chlorophyta was homogenous, whereas the distribution of Bacillariophyta, Euglenophyta and Dinophyta was heterogeneous, with densities concentrated at few depths. In the rainy season, all groups exhibited a similar behavior, with greater concentrations at the surface and at a depth of 1.0 m. The Carpina reservoir did not exhibit expressive differences regarding phytoplankton composition (species richness). There were seasonal and vertical changes involving occasional species with low representativity in the community. The reservoir had a high degree of trophy and high densities of phytoplankton throughout the entire study, which was made up mostly by Cyanobacteria benefiting from the environmental conditions and their innate competitive advantages. Rainfall governed the differences in phytoplankton density found between species and affected the dominance of Cyanobacteria, especially the species C. raciborskii. Although relatively low, the reduction in the dominance of this group in the rainy season was sufficient for the establishment of opportunistic species, which achieved the status of coexistence. Although discreet, the changes in the environmental parameters between seasons and throughout the water column were important to reveal the instabil-1324 GIULLIARI A.S.T. LIRA et al. ity of the system and demonstrate that precipitation and water temperature are the main regulating factors of the phytoplankton community in tropical ecosystems.
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